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[57] 



ABSTRACT 



According to the present invention, faulty lines of data of a 
set associative cache memory containing one or more faulty 
data bits which are not repairable through conventional 
repair means such as row/column redundancy, are not 
updated following a cache miss condition and thereby 
effectively bypassed. Replacement logic circuitry detects 
and controls the state of a replace ment status bit associated 
with each line of data of the set associative cache memory 
to determine if the line ot data in the cache should be 
updated or bypassed. Thus, when replacing a line of data, the 
replacement logic circuitry detects the address of a faulty 
line of data in a particular set and avoids updating that faulty 
line of data in favor of updating another line of data of 
another set The replacement logic circuitry may be used 
with a variety of replacement algorithms including the least 
recently used (LRU) replacement algorithm, the first in first 
out (FIFO) replacement algorithm, the last in first out 
(UFO) replacement algorithm, the random replacement 
algorithm, or the pseudo LRU replacement algorithm. 

31 Claims, 2 Drawing Sheets 
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METHOD AND SYSTEM FOR BYPASSING A cache memory, a "miss" condition exists, and the data must 

FAULTY LINE OF DATA OR ITS come from main memory which typically holds more data 

ASSOCIATED TAG OF A SET ASSOCIATIVE than the cache memory and is therefore much slower. As a 

CACHE MEMORY result, the microprocessor may have to wait for several 

5 cycles, during which time it is idle, before receiving 

This is a continuation of application Ser. No. 08/533358, requested data from main memory. These unproductive 

filed Sep. 25, 1995, now abandoned, which is a continuation ^ des ^j*^* " ^ ^ ** TJfF 0 " 

of application Ser. No. 08/221,072, filed Mar. 31, 1994. now ^ wait until the requested data ts provided from 

abandoned mainmemory. 

10 In place of the direct-mapped cache memory described 

CROSS REFERENCE TO RELATED above, set-associative cache memories are often used 

APPLICATIONS because of the performance enhancement they can provide. 

_ m m In a set-associative cache memory, there are two or more 

TOe subject matter of the present apphc^on is related to w ^ whkh ^ my te suppiied t0 me 

copending U.S. application, Ser. No. 08/146^228, titled cessor. TTius. if one set does not contain the requested data, 

'^cture to Utto a Pamalty Functional Cache Memory i5 motha set may very weU be able to provide valid data. In 

by tovahdauon of Faulty Cache Memory Locations", a two -way set-associative cache system for example, the 

Docket No.: 93-C-59, filed Nov. 1, 1993, assigned to the cachTis split into two smaUer, somewhat independent 

assignee hereof, which is herein incorporated by reference. ^ ^ ov/s for ^ ^ to ^ stored for a g| veQ 

BACKGROUND OF THE INVENTION 20 mdcx a^ 55 and mc associated lines of data in each 

cache memory; the index of the tag is the least significant 

The present invention relates generally to integrated cir- bits (LSBs) of the address-field, used to address a given tag 
cuit memories, and more specifically to set associative cache. location, and the tag bits are the most s ignificant bits 
memories. (MSBs). Set-associative cache systems typically possess 

During the manufacture of integrated circuit memory ^ higher hit rates than a comparable direct mapped cache, 
devices, die are often discarded when certain bits of the die although mere is added complexity embodied in replace- 
are defective but not easily identified and repaired. Even ment algorithms which determine what cache location of 
though a majority of the die may be fully functional, it is which tag RAM to overwrite upon a miss condition. ■ rs O 

often necessary to discard the entire die if the faulty bits of FIG. 1 shows a block diagram of a set-associative cache Pfel& 
me die are not repairable. This problem is exacerbated when ^ system 10 which is comprised of five main elements: fcRST. 
a memory device is embedded in another, more expensive microprocessor 12. main memory 1 3. tag RAM A 14, tag 
device such as a microprocessor or an application specific RAM B 16, cache memory set Ala T cachejme mcg^s^BJ^, 
integrated circuit (ASIC). For example, it is undesirable to and control logic 20. Because the cache memory is separate s? fi 

discard a costly microprocessor because the memory embed- from the microprocessor, cache system 10 is a secondary L I {^GljcMJL 
ded within it has faulty bits. Memories which may have 3 $ cache system whic h is shown for clarity. In a primary cache 1 ^ (PjkfLn 
faulty bits include cache memories, memory cards, and system, cache memory set A 18 and set B 19 would be 
memories embedded in ASICs. embedded in the microprocessor, and thus is sometimes 

Cache memories are important elements of the typical called an embedded cache memory. Microprocessor 12 
cache system and are increasingly used as primary caches could obtain all needed data from the slow main memory 13. 
embedded in high performance microprocessors or as sec- 40 However, since main memory 13 is typically much slower 
ondary caches external to the microprocessor. As micropro- than microprocessor 12, microprocessor 12 will incur **wait 
cessors have achieved faster operating speed, the rate at states" until the data arrives from main memory 13. During 
which requested data must be supplied to them has cone- wait states, microprocessor 12 is idle. Wait states have a 
spondingly increased. Cache memories typically have faster negative impact on the efficiency of the microprocessor, 
access times than main memory and thus are often used to 45 For these reasons, a cache system is used to provide the 
quickly supply data requested by the microprocessor. The microprocessor with data in a more timely fashion, in the 
tag associated with a "line" of data, a block of data which hopes of reducing or even eliminating microprocessor wait 
can be one or several consecutive bytes or words of data, in states. The secondary cache system, composed of tag RAM 
the cache memory is stored in a tag RAM which holds the A 14, tag RAM B 16, cache memory set A 18, cache memory 
address locations of data stored in the data cache. In addition 50 set B 19, and control logic 20, resides between micropro- 
to address information, one or more status bits, often includ- cessor 12 and main memory 13. Set A 18 and set B 19 
ing a valid bit which indicates whether data stored at a together comprise a two-way set associative cache memory 
particular address location is valid or invalid, is stored in the and each store a copy of frequently accessed main memory 
tag RAM. When the microprocessor requests information, a data. Storing data commonly accessed by the microproces- 
read signal is sent to both the main memory and the tag 55 sor 12 increases the likelihood that cache memory set A 18 
RAM. The tag RAM compares the requested memory or set B 19 will have the requested data in the event of a 
address with the memory address of all data stored in the microprocessor memory cycle. 

cache memory. If the requested memory address is in the tag Transparent to main memory 13, either cache memory set 
RAM, a "hit" condition exists, and data from that location A 18 or cache memory set B 19 will supply data to 
will be gated from the cache memory to the microprocessor. $o microprocessor 12 upon a microprocessor read cycle if they 
In a "hit" condition, the tag RAM generates a valid have the requested data. Tag RAM A 14 determines if cache 
compare Match output signal and the cache memory gates memory set A 18 has the data requested by the micropro- 
the required data onto the data bus before the main memory cessor 12 while tag RAM! B 16 determines if cache memory 
can respond. In this way, the cache memory quickly supplies set B 19 has the requested data; Tag RAM A 14 stores the 
data to the microprocessor and microprocessor wait states 65 memory addresses and status bit information of data stored 
are avoided. However, if the tag RAM's comparison opera- in cache memory set A 18 and tag RAM B 16 stores the 
tion indicates that the desired data is not stored inside the memory addresses and status bit information of data stored 
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in cache memory set B l&yalid bdt 17 is a status bit which bit(s) failures is resident in microprocessors, ASICs, or othe r 

indicates whether the datastoredLat a particular address devices, both me raulty cache memory and the expensive 

location is valid or mvalidjhe valid bits of address loca- hillv functional device in which it is embedded are often 

tions stored in tag RAM A 14 and tag RAM B 16 are discarded. Thus, there is a current unmet need in the art to 

typically cleared by presetting the va l ue of the valid hit for all 5 compensate for random bit(s) failures such that set associa- 

address locations in the tag RAM through software or tj vc memories having faulty data bits are rendered 

hardware means at the start of a new process or program. usa ble. It would be desirable to byp ass defectiv e data 

Valid bit 17 is tied to a logic higji voltage level, as locatioils m the set associative cache memory such Aatthe 

shown in FIG. t such that subsequent write cycles from cache memory and any device in which it is embedded need 

microprocessor 12 write a "one" to newly written tag RAM 10 not ^ scrapped, 
address locations. Until rnicroprocessor 12 writes data tp a 

cache_memory Jocation, the mlid bit 17 for that adores^ SUMMARY OF THE INVENTION 

location wfll be invSEZor equal to a lossjowjcv*. a would be advantageous in the art t o bypass lines o f data 

Upon a microprocessor read, the tag RAM A 14 and tag which one 0I more faulty bits of data in a set 

RAMB U .compare the address of ^fee data being sought 15 associative cache memory so as to render the set associative 

wife the addresses of data stored in the cache memory set A cache memory usable 

18 and cache memory set B 19. respectively. ^ * "hiT or Therefore, according to the present invention, faulty lines 

match condition exists in either set A IS or set B 19 and the . . , ' . °. *~ f 

valid bit 17 as well as other status bits for that address index of ****** ** ^ k^k ^T* °° °t 

location are valid the appropriate tag RAM A 14 or tag 20 more ^ data . blts ****** ** *jpairable through 

RAM B 16 generates a fogfchigh Ma\ch output signal 15 c0 ™°** ^ »"* 38 «>w/coluinn redundancy 

which indicates that its cache memory set A 18 or set B 19 £ e ff gf* / -g^S BBSS <=°"d*?° ««» 

has the desired data. Control logic 20 determines which set ^^^ff R f lacemem J°B«.««"*y 

will provide the data as a function of the match and status detec " f rf » "S^"™* bit 

bits, and data from fee appropriate set of the cache memory „ associated with each line of data of fee set associative cache 

■ . j „ . \T f „ . „,v.„ • , , .;, ° memory to determine if the one of data in the cache should 

is then gated onto the data bus where it is received by . ' . . _ , , . ..... 

microprocessor 12. If. however, tag RAM A 14 or tag RAM £ OT ^ ^"T^l a ° f f da £' 

B16determines fee desireddata address does not match any ^repbeement logic curuitry detects fee address of a f aid* 

addresses stored in the cache memory set A 18 or cache ^ of I** m * set ™* aV0lds ;«P<»fngftat faulty 

memory set B 19, respectively, a "miss" condition for that 30 **" " fav " of "V*"*. another J I,le of ° f 

set exists. Or. if fee desired daia address matches an address «?\ ^ ogic circuitry may be used 

stored in cache memory set A 18 or cache memory set B 19 Mth ymety of replacement algorithms ^eluding fee least 

' but valid bit 17for feat address is invalid f -w^nHiHnn re <f ^ U)repUcemenr algorithm, fee firstm firs 

^Iso exists . In response to a "miss" condi tion fee tag RAM rcpla0C f ,ent ^.Z^ " °" 

gener a tes a logic low Match output signal 35 replacement dgor^m, fee random repbeement 

v /x . ~ ?" * . j » i_ , -.o algorithm, or the pseudo LRU replacement algorithm. 

Once it has been determined that cache memory set A 18 r r & 

or cache memory set B 19 contains the data of the memory BRIEF DESCRIPTION OF THE DRAWINGS 

address being requested and that the data is valid, the u.n rW Jf Mh ^M,w^.«^ ft fA.j m ^ 

associated tag RAM generates Match cutout signal 15. ^ n ? yc } features behe ^ <^ctemUc of me invention 

Match outputsignal 15 functions as a high-speed chip select 40 set forth in the aprxmoed claims The invention itself, 

which allows or does not allow data from the cache memory h ° wevcr * as well as a preferred mode of use, and further 

to be gated onto the data bus to the microprocessor. If the tag ob ^ s md advantages thereof , wdl best be understood by 

RAM comparison function indicates a 'TuT condition then ref ^ nce * * e foUowm S detafled description of an fllus- 

the cache memory outputs are simply enabled. ffaJW' a*?*™*, when read m conjunction with the 

condition is indicated; the outputs of the appropriate cache 45 aCCOmpanying whereui: 

memory set are not enabled and main memory 13 wi ll FIG. 1 is a block diagram of a set-associative cache 

ultimately supply the data to the microprocessor 12. When memory system; 

a l miss" occurs, replacement algorithms, such as the least PIG. 2 is a block diagram illustrating a faulty line of data, 

recently used (LRU), the first in first out (FIFOjrthe last in a line of data to be updated, and a replacement line of data; 

first out (UFO), the random replacement algorithm, and the 50 

pseudo LRU replacement algorithm are used to determine FIG. 3 is a schematic of replacement logic circuitry of a 

whether a replacement line of data from main memory will set-associative cache memory, according to the present 

be used to update set A 18 or set B 19. This parallel activity invention, 
during cache memory read cycles saves time and can 

possibly allow the data to be read by microprocessor 12 in 55 DESCRIPTION OF THE INVENTION 

a single cycle, with no wait states. Set-associative cache memories are attractive because of 

A set associative cache memory where one or more sets the higher hit rate and performance advantages they offer 

have randomly occurring bit(s) failures is often discarded, over conventional direct-mapped cache memories. Because 

Unfortunately, set associative cache memories may suffer set associative cache memories are comprised of two or 

from bit failures due to randomly occurring process prob- 60 more sets of data, the control circuitry that determines which 

lems such as s ingle bit failures, particle contamination. set to update following a cache miss condition is complex. 

locked rows, locked columns, and metal or polysilicon In order to keep track of which set of data to update 

-Shoits^T hese failures may not be easily repaired, especially following a cache miss condition, replacement logic algo- 

if no row or column redundancy testing is employed. Even rithms such as the Least Recently Used (LRU), the First In 

when redundancy testing at laser repair is used, this tech- 65 First Out (FIFO), the Last In First Out (UFO), the random 

nique may not be sufficient to ferret out all bit failures. replacement algorithm, and the pseudo LRU replacement 

Therefore, when a set associative cache memory having algorithm are typically used. 
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The present invention utilizes replacement logic circuitry for this two-way set associative cache memory LRU 
that controls the set selection of a set associative cache example. Thus, following a cache miss condition, a replace- 
memory in order to ensure that faulty lines of data of a set ment line of data 42 from main memory 40 would always 
are not updated and effectively bypassed following a cache replace the line of data 38 of cache memory set B 36 and 
miss condition; a bad line of data within a set is not selected 5 would never update the faulty line of data 34 of cache 
to be updated A faulty line of data is defined as a line of data memory set A 32 which is effectively bypassed. The faulty 
which contains one or more faulty bits of data. The faulty line of data 34 is identified by programming means which 
bits of data exist in the set associative cache memory in the are communicated to replacement logic circuitry. The pro- 
data cache (or its associated tag), which stores various lines gramming means may be accomplished using a variety of 
of data. Updating refers to writing to a particular location of 10 fuse programming or storage in registers techniques well 
the set associative cache memory with a new line of data. known in the art For instance, registers may be loaded using 
Individual faulty data locations of a set are communicated to a Built-in Self Test (BIST) circuit Additionally, nonvolatile 
the replacement logic circuitry so that during set selection of programming means such as electrically programmable read 
the set associative cache memory, a set containing a faulty only memories (EFROMs), electrically erasable program- 
line of data for a particular index address is never selected 15 mable read only memories (EEFROMs), Flash EFROMs, 
and hence effectively bypassed. The present invention may etc. may be used. 

be utilized after traditional redundancy testing has or has not Referring to FIG. 3 . circuitry 50 having replacement logic 

been performed. circuit 60, according to the present' invention, is shown. 

The present invention may be used in a variety of cache Replacement logic circuit 60 has been divided into four 

applications which use set-associative cache memories and 20 segments, marked by dashed lines as shown, to represent set 

is especially advantageous when used to render large cache A, set B, set C, and set D o f a f our-wav set associative cache 

memories usable rather than discarding them; the present memory. The input signals $9, 62 % and 64 shown, are for set 

invention allows large cache memories to be used since yield Aonly and thus the circuitry 52-58, input signals 62, 64, and 

limitations are reduced. Also, valuable devices such as output signal 66 would be duplicated for each set. R eplace- 

microprocessors and ASICs which utilize embedded set 25 mcnt 1°& C circuit 60 will perform logic on tour signals 

associative cache memory may be salvaged. The present analogous to signals 59, 62, and 64 in order to produce 

invention may be used to render embedded memory having signal 66. 

defects such as single bits, locked rows, locked columns, A plurality of faulty addresses of a faulty line of data are 

particle contamination, and the like, usable. identified using faulty address identification blocks 52, 54, 

If aLRUreplacementalgorithmisused,for example, then 30 and 56, which, as mentioned, may contain fuse circuitry or 

the least recently used line of data of the set-associative register circuitry well known in the art The output signals of 

cache is chosen to be replaced, and all the status bits for the faulty address identification blocks 52, 54, and 56 are input 

requested index address are updated to reflect the new LRU signals to logic circuitry, such as logic OR gate 58, which 

status for the associated tags. A two-way set associative produces signal 59, JSignal 59, address hit/miss signal 62, 

cache, for example, would require only a one bit replace- 35 and status bit(s) signal 64 are all input signals to replacement 

ment status bit per tag since there are only two sets in which logic circuit 60 as shown and these signals are associated 

data is stored; similarly, for a four-way set associative cache with a particular set, set A. Address, hit/miss signal 62 

memory two replacement status bits are required per tag . ^indicates whether there is a cache hit or a cache miss 

since there are four sets in which data is stored. Thus, a first f ondition tor seLA and status bits signal 64 provides status 

logic level, for instance a logic low level, on the replacement 40 formation 'concerning set A inrfi^iiflp theJLojric level of & 

status bit would indicate that a line of data is the LRU line replacement status bit of set A to replacement logic circuit 

of data, while a second logic level, such as a logic high level, 60. Replacement logic circuit 60 performs logic on signals 

on the replacement status bit would indicate that the line of 59, 62, and 64 tCLProduce signal66 which determines th e 

data is a more recently used line of data contained in the tag replacement^tatps bit definition^ ) 

for that index address. A more recently used line of data may 45 The example described above illustrates how replacement 

or may not be the most recently used (MRU) line of data. For logic circuit 60 may be used in conjunction with a first 

instance, in a two-way set associative cache the more preferred embodiment which uses a LRU replacement algo- 

recently used line of data is the MRU line of data, whereas rithm. Replacement logic circuit 60 may also be used in 

in a larger set associative cache memory such as a four-way conjunction with a second preferred embodiment which also 

set associative cache, a more recently used line of data need 50 uses a LRU replacement algorithm, as an example. A set 

not be the MRU line of data. Thus, the replacement status bit containing a faulty line of data would not be bypassed by 

of a replacement line of data from main memory would be forcing its replacement status bit to a predetermined logic 

set to a high logic level and the replacement status bit of the leveL Rather, when the faulty line of data becomes the LRU 

remaining line of data in the other set which was not line of data, it is not updated based on the programming 

replaced would be reset to a low logic level since it is now 55 means discussed earlier. The programming means define the 

the LRU line of data for the index address. faulty line of data as faulty so that it is not updated. Instead, 

Referring to the two-way set associative cache memory the line of data to be updated next, for instance the LRU +1 

30 of FIG. 2, suppose for a given index address that cache line of data, will be immediately updated, 

memory set A 32 of a two-way set associative cache memory The above process of bypassing faulty lines of data 

contains a faulty line of data 34 containing one or more 60 renders an effectively smaller set associative cache memory 

faulty bits of data. To ensure that the faulty line of data 34 by the number of faulty data locations that are bypassed 

or it s associated tag is alway£bypassed and never up dated Random faulty bits are not likely to be numerous after 

following a cac^e miss/ me repla^ment status bit b f the redundancy testing has been exhausted. For example, if a 

index address associated with the faulty line of data 34 of set four-way set associative cache memory is used, and one data 

A 32 is always forced to a logic high level* and the 65 location contains faulty data, then for the index address 

replacement status bit associated with line of data 38 of associated with the faulty data, the cache will function as a 

cache memory set B 36 is always forced to a logic low level, three-way set associative cache memory since there are only 
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three rather than four sets from which to obtain data. 
However, any resulting performance degradation may be 
imperceptible since there will typically be only a relatively 
small percentage of available addresses which are bypassed. 

Additionally, use of the present invention will not slow 
down the set associative cache memory since the speed path 
of the replacement logic is not impaired In the case of a 
four-way set associative cache memory having faulty data in 
one of the four sets, the replacement logic circuitry will 
detect the states of each of the four replacement status bits 
associated with each of the four sets. The replacement status 
bit for any faulty line of data will cause the faulty line of data 
to not be updated following a cache miss condition. Upon a 
cache miss, a new line of data is brought into the cache from 
main memory. An existing line of data must be replaced by 
the incoming replacement line, assuming the cache is full. 
The choice of which line of data to replace is based on the 
state of the replacement status bits in the tag of the index 
address associated with each line of data stored in the cache. 
Thus, the faulty location is fixed such that it is not chosen for 20 
replacement 

While the invention has been particularly shown and 
described with reference to a preferred embodiment, it will 
be understood by those skilled in the art that various changes 
in form and detail may be made therein without departing 
from the spirit and scope of the invention. For instance, the 
two-way set associative cache LRU example described 
herein is but one embodiment of the present invention. The 
present invention is equally well suited for use with other 
replacement algorithms previously mentioned, such as the 
FIFO replacement algorithm, the LIFO replacement 
algorithm, the random replacement algorithm, and the 
pseudo LRU replacement algorithm. 

What is claimed is: 

1. A method^>f, b ypassing a fa^M inejof data or its 
associated tag of a set associated cache memory, comprising 
the steps of: 

identifying an a ddress of a faulty line of data associated 

' with a first set or a set associative cache memory; 

generating a faulty line of data address signal correspond- 
ing to the address of the faulty line of data; 

performing logic on the faulty line of data address signal, 
an address hit/miss signal and a status bit signal to 
produce a logic state of a replacement status bit of the 45 
faulty line of data that flags the address of the faulty 
line of data, wherein the address hit/miss signal indi- 
cates whether there is a cache hit or a cache miss 
condition for the first set associative cache memory; 

flagging the address of the faulty line of data using a 50 
replacement logic circuit so that when a replacement 
line of data having an address corresponding to the 
address of the faulty line of data, is to be written to the 
set associative cache memory, the replacement line of 
data is written to a second set of the set associative 
cache memory, as determined by the replacement logic 
circuit, effectively bypassing the faulty line of data of 
the first set. 

2. The method of claim 1, wherein the set associative 
cache memory has a plurality of lines of jdatajro ntained in a 
plurality of sets and each line of data nas an address and at 
least one replacement status bit associated with it which 
indicates when each line of data was used relative to other 
lines of data of different sets corresponding to the same 
address. 

3. The method of claim 2, wherein the replacement logic 
circuit uses a least recently used (LRU) replacement algo- 



25 



30 



35 



40 



55 



60 



65 



rithm to update a least recently used (LRU) line of data with 
the replacement line of data. 

4. The method of claim 3, wherein m e^j^cementstatu s 
hit_of the faulty line of data is forced to a first logic leve l 
which denotes the faulty line of data as a more recently used 
line of data which is not updated by the replacement line of 
data; rather a line of data of the second set whose replace- 
ment status bit is equal to a second logic level which denotes 
the line of data as the least recently used (LRU) line of data 
is updated by the replacement line of data. 

5. The method of claim 3, wherein when mejce^ typfift* 
gtaingfrfltflf aJifigof data denotes the line of data as the least 
recently used (LRU) line of data, the line of data is updated 
with the replacement line of data; however, when the faulty 
line of data is the LRU line of data, the faulty line of data 
is bypassed and another line of data is updated with the 
replacement line of data as determined by the replacement 
logic circuit 

6. The method of claim 1, wherein a programming means 
is used to identify the address of the raulty line 01 data. - * 

7. The method of claim 6, wherein the programming 
means uses fuse programming . 

The method of claim 6, wherein the programming 
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means uses a plurality of registers. 

9. The method of claim 8, wherein the registers are loaded 
using a built-in self test flUSTt circuit . 

10. The method of claim 6, wherein the programming 
means uses nonvolatile devices . 

11. The method of claim 1, wherein the replacement logic 
circuit uses a first in first out (FIFO) replacement algorithm. 

12. The method of claim 1, wherein the replacement logic 
circuit uses a last in first out (UFO) replacement algorithm. 

13. The method of claim 1, wherein the replacement logic 
circuit uses a random replacement algorithm. 

14. The method of claim 1, wherein the replacement logic 
circuit uses a pseudo least recently used (LRU) replacement 
algorithm. 

15. The method of claim 1, wherein the set associative 
cache memory is an embedded cache memory. 

16. The method of claim 15, wherein the embedded cache 
memory is a primary cache of a microprocessor. 

17. A structure for bypassing a faulty line of data or its 
associated tag of a set associative cache memory, compris- 
ing: 

a set associative cache memory having a plurality of lines 
of datac ontained in a plurality of sets with each lineof 
data flaying at least one replacement status bit associ - 
ated withit which indicates when each line of data was 
used relative to other lines of data of different sets 
corresponding to an address; 

a faulty address identification block which identifies an 
address of a faulty line of data of the plurality, of lines 
of data of a set of the plurality of sets; 

a logic element h aving the address of the faulty line of 
data as an in p u t sign al which generates a faulty line of 
q^ta^dress-fsignal^rresrx)nding to the address of the 
faulty line of daft ; "~ ~ ~~ 

a replacement logic circuit which pe rforms logic on the 
[faulty line of data address signall an address hit/mis: 
signal, and a status bit signal to produce a logic state ol 
a replacement status bit of the faulty lin e jff flafa t^t 
riags the address or me taulty line of data such ~._ 
when an address of a raulty line ot' data is detected 
during a replacement cycle following a cache miss 
condition the faulty line of data is bypassed, wherein 
the address hit/miss signal indicates whether there is a 
cache hit or a cache miss condition for the first set of 
the set associative cache memory. 
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18. The structure of claim 17, wherein the replacement 
logic circuit uses a least recently used (LRU) replacement 
algorithm to update a least recently used (LRU) line of data 
with a replacement line of data. 

19. The structure of claim 18, wherein the replacement 
status bit of the faulty line of data is forced to a first logic 
level which denotes the faulty line of data as a more recently 
used line of data which is not updated by the replacement 
line of data; rather a line of data whose replacement status 
bit is equal to a second logic level which denotes the line of 
data as the least recently used (LRU) line of data is updated 
by the replacement line of data. 

20. The structure of claim 18, wherein when the replace- 
ment status bit of a line of data denotes the line of data as 
the least recently used (LRU) line of data, the line of data is 
updated with the replacement line of data; however, when 
the faulty line of data is the LRU line of data, the faulty line 
of data is bypassed and another line of data is updated with 
the replacement line of data as determined by the replace- 
ment logic circuit. 

2L The structure of claim 17, wherein a p mflramniing 
means is used to identify the address of the faulty line of 
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23. The structure of claim 21, wherein the programming 
means uses a plurality of registers 

structure of claim 23, wherein the registers are 
loaded using a built-in self test (BIST) circuit 
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25. The structure of claim 21, wherein the programming 
means uses nonvolatile devices. 

26. The structure of claim 17, wherein die replacement 
logic circuit uses a first in first out (FIFO) replacement 
algorithm, 

27. The structure of claim 17, wherein the replacement 
logic circuit uses a last in first out (UFO) replacement 




28. The structure of claim 17, wherein the replacement 
logic circuit uses a random replacement algorithm. 

29. The structure of claim 17, wherein the replacement 
logic circuit uses a pseudo least recently used (LRU) 
replacement afepr jt ftra ■ ' — 11 " m 

~ The structure of claim 17, wherein the set associative 
memory is an fembedded cache memory^ 



22. The structure of claim 21 , wherein the programming 
sesX fuse programming] 




Hie structure of claim 30, wherein the embedded 
memory is a primary cache of a nucroprocess 
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